Eleven known triterpenes (α-amyrin, β-amyrin, lupeol, and their respective acetates, 3-O-acetyl derivatives of betulinic, oleanolic, and ursolic acids, cycloartenol, and tirucall-7,24-dienol), two new flavonols presenting an uncommon
Loranthaceae is a representative neotropical family of parasitic epiphyte plants [1] . Species of this family are used all over the world in traditional medicine to treat a wide range of diseases, such as arthritis, chorea, diabetes, condyloma, hemorrhoids, and inflammation in general, breathing and nervous problems, and some types of cancer [2] . The genus Cladocolea comprises about 40 species and occurs in central to southern Mexico and some localities in Latin America [3] . In the Amazon region, according to an ethnobotanical compilation from Rio Negro riverside populations and information from patients of the Oncology Center Hospital in Manaus, Brazil, the leaves of C. micrantha (Eichler) Kuijt are widely used for the non-conventional therapy of several types of tumor and inflammatory processes with a clear preference for specimens growing on cashew trees (Anacardium occidentale). So far, species of Loranthaceae have yielded flavonoids, di-and triterpenes, and, to a lesser extent, lignans and alkaloids [4, 5] ; nonetheless, no chemical studies of Cladocolea species have been reported thus far. In this paper, we report the isolation, characterization, and structural elucidation of eleven triterpenes and two glycosylated flavonoids bearing unusual O-(1→3) linkages between the glycoside moieties (16 and 17). fraction was re-chromatographed on silica gel pre-treated with AgNO 3 to afford α-amyrin acetate (1), β-amyrin acetate (2), and lupeol acetate (3). The same technique applied to the CHCl 3 fraction led to the isolation of cycloartenol (4) and tirucalla-7,24-dien-3-ol (5) . Silica gel column chromatography of the MPLC CHCl 3 : acetone fraction resulted in a mixture of α-amyrin (6), β-amyrin (7) , and pure lupeol (8), followed by a mixture of 3-O-acetyl oleanolic acid (9), 3-O-acetyl ursolic acid (10), and 3-O-acetyl betulinic acid (11) . A higher ratio of acetone led to the characterization of β-sitosterol (12) and stigmasterol (13) (a 3:1 mixture) by gas chromatography-mass spectrometry (GC-MS) and 13 C NMR spectroscopy. The crude EtOAc fraction was submitted to MPLC (RP-18 silica) using a H 2 O/TFA-MeOH gradient as the eluent. Gallic acid (14) emerged in a straightforward manner. Flavonoid-containing fractions were then purified by 
HMBC columns: carbons in bold means diagnostic correlations to support the O-glycoside sequence and the rhamno-(1→3)-arabinofuranosyl linkage.
re-chromatography on a silica gel column or preparative TLC to afford quercetin (15) , (17) . The structures of 16 and 17 were elucidated by spectroscopic methods, aided by the results of the acid hydrolysis reactions.
Compounds 16 and 17 were shown to be flavonol diglycosides by 2D 1 H NMR, 13 C NMR, and complimentary spectrometric analysis ( Figure 1 ). The kaempferol derivative 16 was supported by the aglycone aromatic protons appearing as a symmetrical A 2 B 2 pattern at δ 7.91 (2H, d, J = 8.7 Hz; H2' and H6') and δ 6.86 (2H, d, J = 8.7 Hz; H3' and H5') in ring B, and by the meta-coupled doublets (J = 1.6 Hz) at δ 6.41 (H8') and δ 6.17 (H6') in ring A [6] . These signals were confirmed by HSQC experiments and by comparing the spin resonances with pertinent models from the literature, the mono-or diglycosides [7] [8] [9] [10] . The crosspeaks at δ 7.91/131.0 (H2'-H6'/C2'-C6'), δ 7.91/160.0 (H2'-H6'/C4'), δ 7.91/156.3 (H2'-H6'/C2), and δ 6.17/164.6 (H6/C7), δ 6.17/103.8 (H6/C10), δ 6.17/93.5 (H6/C8), δ 6.41/103.8 (H8/C10), and δ 6.41/98.7 (H8/C6) in the HMBC spectrum were particularly useful for assigning the quaternary carbons of the aglycone (Table 1 ). Spectroscopic analysis of the glycosides in 16 and the more abundant 17 pointed to the presence of identical sugar moieties in both molecules. The crosspeaks (J 3 ) at δ 5.60/133.6 (ara anomeric H-1''/C-3) in the HMBC experiment were revealed to be a first sugar, arabinose, linked to the flavonoid nucleus. Furthermore, the crosspeak at δ 3.87/98.7 (H3''/rha anomeric C1''') was identified as the (1→3) link between rhamnose and arabinose. The identification of the structure of 16 as kaempferol 3-O-arabinofuranosyl-(1→3)-rhamnoside was reinforced by direct comparison between the NMR spectral data with those obtained for the more abundant flavonoid 17 (Table 1) . Compound 17 was isolated as a yellow amorphous powder. The EIMS presented a M + ion at m/z 580 (C 26 H 28 O 15 ) and a base peak at m/z 301 (M + -diglycoside), suggesting a trihydroxyflavonoid as the aglycone. Its IR spectrum showed a strong absorption band at 1659 cm -1 corresponding to a chelated carbonyl group. The UV spectrum of 17 in methanol showed absorptions at 257 (band II) and 354 (band I) nm, indicating a 3-O-substituted flavonol. The bathochromic shift (79 nm) of band I in the presence of aluminum chloride, followed thereafter by a hypsochromic shift (34 nm) upon addition of hydrochloride acid, and the bathochromic shift of band II (14 nm) in the presence of sodium acetate were characteristic features of a 5-hydroxy-3-O-substituted flavonol bearing orthodihydroxyl groups in its B ring and a free hydroxyl group at C-7 [11] . Quercetin as the aglycone was confirmed by the presence of signals at δ 6.37, and 6.17 (each 1H, d, J = 2.0 Hz), assignable to the protons at the C-8 and C-6 positions in the A ring, and signals at δ 7.62 (1H, dd, J = 8.5 and 2.1 Hz), 7.72 (1H, d, J = 2.1 Hz), and 6.88 (1H, d, J = 8.5 Hz), assignable, respectively, to the protons at C-6', C-2', and C-5' in the B ring. The 13 C NMR signals for the aglycone in 17 agreed well with those of quercetin [7] , which was further confirmed by the 1 H NMR signals at δ 6.39 and 6.21 (each 1H, d, J = 2.1 Hz), assignable to the protons at the C-8 and C-6 positions in the A-ring, and signals at δ 7.49 (dd, J = 7.5 Hz, 2.1 Hz), 7.48 (d, J = 2.1 Hz), and 6.90 (d, J = 7.5 Hz), assignable to H6', H5', and H2', respectively, in the B ring. The complete identification of the aglycone, as well as the compositions of the sugar moieties in 17 were achieved based on the HSQC and HMBC spectra, in which all C-H correlations could be observed (Table1). The HSQC-TOCSY experiment allowed the sequential assignment of all proton resonances within each sugar residue, starting from the well-defined anomeric proton signals at δ 5.70 (s, ara) and 4.92 (bd, J = 1.5 Hz, rha). On the basis of the chemical shifts, multiplicity, and coupling constants, the sugar residues were identified as Larabinofuranose and L-rhamnose, respectively. The sugar identities were corroborated by comparing the acid hydrolysis products of 17 with commercial samples using TLC.
Reports of the isolation of flavonoids bearing (1→3) glycosidic linkages are rare in the literature [12, 13] . On the other hand, isomeric 16 and 17 containing a (1→2) linkage, denominated arapetaloside B and arapetaloside A, respectively, have been isolated from the Annonaceae species Artabotrys hexapetalus [11] . The main differences with respect to the arabinose sugar were observed in the assignments of C2'' and C3'' in the 13 C spectra; the former was shielded in 16 and 17 (+3.1 and +5.9 ppm) relative to the corresponding arapetalosides, and the latter showed the inverse effects, with deshielding at -3.6 and -6.6 ppm, respectively. On the other hand, the assignments of the rhamnosyl carbons were very similar in both cases. Finally, although flavonoids in general have been described as metabolites in epiphytic Loranthaceae species, most reports refer to mistletoe from the genera Viscum and Loranthus [14] [15] [16] . The present study is the first report of a compositional analysis of a neotropical Cladocolea species.
Compound 17 showed slight cytotoxic activity (24%) at concentrations of 15 and 150 µg/mL ( Figure 2 ). When 17 was tested in a non-cytotoxic dose (1 µg/mL), an anti-migratory activity of MV3 cells in the transwell system was observed, suggesting that despite the poor cytotoxic activity, this flavonoid might impair some important cancer cell functions ( Figure 3 ) [17] . The mechanisms underpinning these effects are under investigation.
Experimental

General experimental procedures:
Melting points were determined using a Microquímica MQAPF-301 apparatus. IR spectra were obtained as KBr pellets on a NICOLET FT-IR 670 spectrometer. UV spectra were measured using a Shimadzu UV-1601 PC in MeOH. Specific optical rotations were recorded in CHCl 3 at 24.5°C on a JASCO Model P-1030 polarimeter (sodium D-line at 589.3 nm) (Hachioji, Japan). 1 H and 13 C NMR spectra were recorded on a Bruker DRX 400 spectrometer (400 MHz for 1 H NMR, Karlsruhe, Germany) with CDCl 3 or MeOH-d 6 as internal standards. The ESI-MS of 17 was obtained using a ZQ 4000 Water Micromass system. MPLC separations were carried out using a Büchi system that included a chromatographic pump 688, a gradient mixer 687, and a fraction collector 684. High-resolution gas chromatography-mass spectrometry (HRGC-MS) analysis was performed using a Hewlett-Packard 6890 chromatograph equipped with a capillary HP-5MS column 30 m x 0.32 mm x 0.25 mm film thickness) and a 70 eV EI detector, coupled to a Wiley 7N electronic library. Silica gel 60 (70-230 mesh) was used for open column chromatography (CC) and flash chromatography (FC) techniques. RP-18 was used for the HMPLC separation, and preparative TLC was run on silica gel or on RP-18 reverse phase plates 20 x 20 x 0.1 cm. Silver-impregnated silica gel was obtained from a 2.5% AgNO 3 solution in MeOH: H 2 O (96:4) and oven-activation at 80°C. The solution was sprayed onto the plates followed by activation for use in qualitative TLC [23] . Chromatographic supports were purchased from Merck Chemicals and Sephadex LH-20 from Pharmacia. Organic solvents were purchased from Vetec (Brazil); gallic acid, quercetin, and Diazald from Sigma-Aldrich, and standard monosaccharides from Supelco (Sigma-Aldrich).
